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1. Introduction
In RAN#71 a new work item (WI) named eMBMS enhancement for LTE [1] was introduced. The objectives of the WI include the support of longer CP, additional MBSFN subframes, and study standalone carrier. In a previous contribution [2], we presented simulation results showing 95% SINR coverage for both outdoor and rooftop simulation scenarios for various CP lengths and showed that a CP length in the range of 100us-200us resulted in SINR coverage exceeding ~15dB, which corresponds to a spectral efficiency goal of 2 b/s/Hz. In this document, we reconsider the 100us and 200us CP length design options and give the relevant design parameters. We also show link level simulation results for these two cases.


2. Extended CP Length Design options
Legacy LTE MBSFN subframes support a cyclic prefix up to 33.3us. While this CP accommodates most of the propagation delay and multipath in a typical cellular scenario, it is not enough to cover the propagation delay in rural areas with larger eNB inter-site distances. To handle this scenario, we consider two possible choices for CP lengths, 100us and 200us that can provide extended coverage for large eNB ISDs. Additionally, they have been chosen because their symbol durations complement well with the existing 1ms subframe numerology. We provide all of the associated numerology for a 10MHz BW configuration for each in Table 1 below.
	CP Length
	100us
	200us

	Symbol Length
	500us
	1ms

	Tone Spacing
	2500Hz
	1250Hz

	Num usable tones
	3600
	7200

	FFT size
	6144 = 3*211
	12288 = 3*212

	Num REs per 180kHz RB
	72
	144

	Num OFDM syms per 1ms SF
	2
	1


[bookmark: _Ref450804139]Table 1: Numerology of 100us and 200us extended CP lengths for consideration

With these two numerologies, we provided associated simulation results below.



3. Simulation Assumptions
For the link level simulation assumption, we recommend leveraging portions of the RAN#4 PMCH performance specifications defined in 36.101 [4]. A table of proposed link level simulation parameters for the extended CP PMCH channel is given in Table 2.

	Extended CP PMCH Simulation Parameters

	CP Lengths
	100us, 200us

	Bandwidth
	10MHz

	Carrier Freq
	670MHz

	Symbols for Control
	0

	Channel Model
	18 tap, 3 cluster TU6
Cluster delays:
(0, 41.63, 88.63us)  for ISD10km
(0, 72.45, 137.45us) for ISD15km

	Speed
	5, 60, 100 Km/Hr

	RS Tone Separation
	3

	RS Stagger Period (syms)
	2 for 200us CP
2 for 100us CP

	Modulation
	64 QAM

	Payload Sizes (bits)
	19848 (MCS13)


[bookmark: _Ref454890452]Table 2: Proposed Parameters for Extended CP Link Level Simulation 

For purposes of performance evaluation, there is no gating of the broadcast signal with any unicast data and no insertion of any control symbols. The reference signals repeat with a periodicity equal to the stagger period which is configured for 2 symbols. The reference signal configuration parameters are defined in frequency and time by their tone separation and stagger period, respectively, as shown in Figure 1.



[bookmark: _Ref454885136]Figure 1: Reference Signal Configuration Parameters

For the channel delay spread, we consider 10km ISD and 15km ISD models. An 18-path channel that is composed of three sets of a TU6 channel with cluster delays of 0us, 72.45us, and 137.45us for the 15km ISDM model and 0us, 41.63us, and 88.63us for the 10km ISDM model. The relative mean power for the three clusters are 0dB, -9dB, and -18dB, which was proposed by Huawei in the official 3GPP RAN1 email discussion [4]. The exact path configurations for the 2 models are given in Table 1. Additionally, speeds of 0, 5, 60, and 100km/Hr are considered with the carrier frequency configured at 670MHz. For the 0Km/Hr case, we consider 1 receive antenna to model the static rooftop receiver scenario, whereas for the speeds of 5, 60, and 100Km/Hr, we consider 2 receive antennas.

	
	Extended Delay Spread

	Path Number
	Relative Mean Power [dB]
	10 km ISD
Relative Delay [us]
	15 km ISD
Relative Delay [us]

	1
	0.0
	0
	0

	2
	-1.5
	.03
	.03

	3
	-1.4
	.15
	.15

	4
	-3.6
	.31
	.31

	5
	-0.6
	.37
	.37

	6
	-7.0
	1.09
	1.09

	7
	0.0 – 9.0
	0 + 41.63
	0 + 62.45

	8
	-1.5 – 9.0
	.03 + 41.63
	.03 + 62.45

	9
	-1.4 – 9.0
	.15 + 41.63
	.15 + 62.45

	10
	-3.6 – 9.0
	.31 + 41.63
	.31 + 62.45

	11
	-0.6 – 9.0
	.37 + 41.63
	.37 + 62.45

	12
	-7.0 – 9.0
	1.09 + 41.63
	1.09 + 62.45

	13
	0.0 – 18.0
	0  + 91.63
	0 + 137.45

	14
	-1.5 – 18.0
	.03 + 91.63
	.03 +137.45

	15
	-1.4 – 18.0
	.15 + 91.63
	.15 +137.45

	16
	-3.6 – 18.0
	.31 + 91.63
	.31 +137.45

	17
	-0.6 – 18.0
	.37 + 91.63
	.37 + 137.45

	18
	-7.0 – 18.0
	1.09 + 91.63
	1.09 +137.45


[bookmark: _Ref454882507][bookmark: _Ref454882474]Table 3: Specification of Simulation Channel Delay Spread


4. Summary of Results
For the 100us and 200us CP cases, we show the simulation results for a payload size of 19848 corresponding to a spectral efficiency of 1.98 bits/sec/Hz. 
In Figures 2-5, the simulations results for the 10km ISD model are shown for speeds of 0, 5, 60, and 100 km/Hr, respectively. In Figures 6-9, the simulations results for the 15km ISDM model are shown for speeds of 0, 5, 60, and 100 Km/Hr, respectively. In each of the figures a comparison is made between the 100us CP and 200us CP configurations.

Figure 2: eMBMS, 15km ISDM Model, 1Rx, 0Km/Hr


[bookmark: _Ref458440133]Figure 3: eMBMS, 15km ISD Model, 2Rx, 5Km/Hr


Figure 4: eMBMS, 15km ISD Model, 2Rx, 60Km/Hr




[bookmark: _Ref458440139]Figure 5: eMBMS, 15km ISD Model, 2Rx, 100Km/Hr


[bookmark: _Ref462904613]Figure 6:  eMBMS, 10km ISDM Model, 1Rx, 0 Km/Hr


[bookmark: _Ref458440147]Figure 7: eMBMS, 10km ISDM Model, 2Rx, 5 Km/Hr






Figure 8: eMBMS, 10km ISD Model, 2Rx, 60 Km/Hr



[bookmark: _Ref458440148]Figure 9: eMBMS, 10km ISD Model, 2Rx, 100Km/Hr


From the graphs, we can approximate the SNR required to obtain a spectral efficiency of 2.0 b/s/Hz and these are listed in Table 3. A comparison of the 100us and 200us CP cases show that the 100us performs better for the smaller 10km ISD size and across the various speed configurations. Additionally, for the higher speed of 100km/Hr, the 200us CP case does not converge to a 1% FER value. However, for the model corresponding to the larger 15km ISD size, the 200us CP outperforms the 100us CP for both 1 and 2 Rx antenna configurations. Given that the main priority of the intial study was to target these large ISD under low mobility conditions, the 200us CP configuration provides the best performance. Additionally, the large SNR necessary to achieve good performance with mobility would require much smaller ISD values (from these results it is not possible to achieve high mobility with 10km ISD), which in turn would allow for using a shorter cyclic prefix (e.g. legacy 33.3 us CP).

	
	10km ISD Model
	15km ISD Model

	Speed , #Rx Ant
	100us CP
	200us CP
	100us CP
	200us CP

	0Km/Hr, 1 Rx
	15.3dB
	15.4dB
	17.1dB
	15.4dB

	5 Km/Hr, 2Rx
	17.6dB
	18dB
	20.1dB
	17.9dB

	60 Km/Hr, 2Rx
	18.2dB
	19.0dB
	21.5dB
	19.1dB

	100 Km/Hr, 2Rx
	19.0dB
	Not converged
	22.6dB
	Not converged


[bookmark: _Ref458497200]Table 3: SNR operating point to achieve 2 b/s/Hz for 100us and 200us CP cases

Proposal #1: Given that the extended CP value is required to most efficiently handle ISDs as large as 15km for fixed rooftop reception, the 200us CP length provides the best performance and should be chosen as the extended CP length.



5. Conclusions
This contribution proposes link level simulation parameters to be used for simulating the extended CP scenario considered in this WI.  A set of eMBMS simulation and channel parameters is proposed. Link level simulation results are provided for both the 100us and 200us CP configurations with the following offered proposal:
Proposal #1: Given that the extended CP value is required to most efficiently handle ISDs as large as 15km for fixed rooftop reception, the 200us CP length provides the best performance and should be chosen as the extended CP length.

6. References
[bookmark: _GoBack][1] RP-160675, “New WID: eMBMS enhancements for LTE“, Ericsson, Qualcomm Inc. Nokia Networks, EBU; 3GPP RAN #71, Goteborg, Sweden, March 2016
[2] R1-164438 Evaluation Results for LTE eMBMS Enhancements Study
[3] R1-164439 Design Options for Longer Cyclic Prefix for MBSFN Subframes
[4] Email discussion [85-10] Simulation assumptions for eMBMS, 3GPP RAN1 reflector

CP 100us	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	0.771289	0.456154	0.18	5.5E-2	1.27273E-2	CP 200us	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	0.61193399999999998	0.11092299999999999	5.40925E-3	1.08303E-4	SNR (dB)


FER




CP 100us	16	17	18	19	0.18407399999999999	9.6178899999999998E-2	5.22093E-2	2.45673E-2	CP 200us	16	17	18	19	6.1393400000000001E-2	1.84082E-2	5.9813100000000001E-3	2.0899999999999998E-3	SNR (dB)


FER




CP 100us	17	18	19	20	0.11899999999999999	7.1262099999999995E-2	3.9952599999999998E-2	2.4579400000000001E-2	CP 200us	17	18	19	20	5.6463899999999997E-2	2.5633800000000002E-2	1.0414700000000001E-2	4.4999999999999997E-3	SNR (dB)


FER




CP 100us	19	20	21	22	23	3.6188699999999997E-2	2.5693799999999999E-2	1.65574E-2	1.23721E-2	8.7500000000000008E-3	CP 200us	19	20	21	22	23	7.8277200000000005E-2	5.4858299999999999E-2	3.89655E-2	3.1397399999999999E-2	2.65116E-2	SNR (dB)


FER




CP 100us	15	15.25	15.5	0.17604500000000001	1.98061E-2	1.4696500000000001E-3	CP 200us	15	15.25	15.5	0.59490399999999999	7.6532600000000006E-2	3.29861E-3	SNR (dB)


FER




CP 100us	16	17	18	19	6.4278600000000005E-2	2.0563399999999999E-2	6.5948300000000003E-3	2.0100000000000001E-3	CP 200us	16	17	18	19	0.10863083400000002	3.4752145999999998E-2	1.1145262700000002E-2	3.3969000000000004E-3	SNR (dB)


FER




CP 100us	16	17	18	19	8.8341000000000003E-2	3.5024199999999998E-2	1.2666699999999999E-2	4.0284400000000003E-3	CP 200us	16	17	18	19	0.121327	5.5355799999999997E-2	2.3105000000000001E-2	1.0144200000000001E-2	SNR (dB)


FER




CP 100us	17	18	19	20	21	22	5.2923100000000001E-2	2.3796600000000001E-2	1.0396000000000001E-2	4.20886E-3	2.0512799999999999E-3	CP 200us	17	18	19	20	21	22	6.2200999999999999E-2	3.9904799999999997E-2	2.6666700000000002E-2	1.9833300000000002E-2	SNR (dB)


FER
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